Abstract
Vogt-Koyanagi-Harada (VKH) syndrome is a multisystem inflammatory disorder involving aseptic meningitis, skin manifestations such as vitiligo and poliosis, hearing disturbances such as dysacusis and tinnitus, and uveitis. 1 2 Its cause is unknown, although the pathogenic mechanism is believed to be autoimmune in nature. In the department of ophthalmology at the Tokyo Medical College Hospital, VKH patients represented 9.1% of all patients followed in the uveitis clinic over a 5 year period from 1989 to 1993. 3 The uveitis observed in VKH syndrome generally starts with an iridocyclitis, followed within a few days by the appearance of choroiditis and varying degrees of serous retinal detachment. The eye disease is almost always bilateral, and its onset is frequently preceded by complaints of flu-like symptoms.
Since the primary focus of posterior eye inflammation in VKH syndrome lies in the choroid, 1 4 it has been diYcult to study the pathophysiological mechanisms involved in vivo using conventional fluorescein angiography. Choroidal fluorescence of the dye is blocked by melanin in the retinal pigment epithelium (RPE), and high permeability of the small molecular weight dye results in poor resolution of choroidal vessels. However, the advent of clinical indocyanine green (ICG) angiography has led to improved assessment of choroidal anatomy and choroidal blood flow, because of better visualisation of fluorescence of the ICG dye through the RPE, as well as through overlying blood and/or lipid within the retina. [5] [6] [7] [8] [9] Moreover, because about 98% of injected ICG molecules are bound to serum proteins, the resulting high molecular weight compound has reduced vascular permeability, allowing for better delineation of the choroidal circulation. 9 The addition of video technology and use of the scanning laser ophthalmoscope (SLO) have further improved both the spatial and temporal resolution of ICG angiography. [10] [11] [12] [13] [14] In particular, the SLO used in the confocal mode has enabled imaging of distinct layers in the fundus, not discernible by conventional fundus photography or observed in many instances on clinical examination.
14 Thus, using the SLO it is easier to identify the depth of a lesion or an angiographic finding, or conversely to observe an abnormality previously undetected because it was non-pigmented and located deep to the sensory retina.
In this study, we used the Rodenstock SLO to perform videofunduscopy and videoangiography in patients with VKH syndrome in acute and convalescent phases. Our purpose was, firstly, to observe findings using the SLO for videofunduscopy and, secondly, to analyse the usefulness of ICG angiographic examination in this disease by comparing the SLO based findings of ICG videoangiography with those of fluorescein videoangiography.
Patients and methods

PATIENTS AND CLINICAL DEFINITIONS
Eighteen patients with VKH syndrome (36 eyes) were examined from June 1993 to the end of February 1997 in the uveitis clinic of the department of ophthalmology at the Tokyo Medical College Hospital. Charts were reviewed retrospectively to obtain data on visual acuity (VA), presence or absence of anterior chamber cells, posterior findings (such as serous retinal detachment, or macular oedema), and results of cerebrospinal fluid (CSF) cytology and histocompatibility leucocyte antigen (HLA) D locus testing. Clinical diagnosis of disease in the "acute phase" was based on the acute onset of choroiditis, serous retinal detachment or disc oedema in both eyes, in association with at least one systemic finding, either auditory (for example, tinnitus or dysacusis) or related to inflammation of the meninges (for example, stiV neck or headache). Presence of inflammatory cells in the anterior chamber was not required for diagnosis, but occurred some time during the acute phase of disease in most patients. The "convalescent phase" was defined as the period of time at least 1 month following the initiation of systemic corticosteroid therapy, at which time there was no evidence of either anterior or posterior segment inflammation by clinical examination.
SLO VIDEOFUNDUSCOPY AND VIDEOANGIOGRAPHY
Before first time videoangiography, patients were routinely given an intradermal test dose of ICG (Daiichi Pharmaceutical, Tokyo, Japan, 2.5 mg in 0.1 ml aqueous solvent) and/or fluorescein (Alcon Japan, Tokyo Japan, 0.1 ml of 10% w/v) as appropriate and monitored for adverse reactions. Examinations were performed using a scanning laser ophthalmoscope (Rodenstock Instruments, Munich, Germany, Model 101) in the confocal mode to image the fundus at a rate of 50 frames/second. Videofunduscopy was performed first using argon, helium-neon, and infrared lasers to visualise features in approximately the superficial retina, deeper retina, and RPE/choroid, respectively. Videoangiography was then performed by injection into the antecubital vein of one dye (either 25 mg ICG in 1.0 ml aqueous solvent, or 5 ml of 10% w/v fluorescein, order determined at random) and SLO imaging for 10 minutes, followed by injection of the other dye and SLO imaging for a further 10 minutes. The resulting data were stored on 8 mm videotape and viewed using a high resolution monitor (Sony, Tokyo, Japan, Model PVM-2045MD). The SLO videofunduscopic and videoangiographic images shown were reproduced from hard copies produced by a multiscan video printer (Sony, Tokyo, Japan, Model UP-930). However, study findings were based on careful examination of videotapes played over real time, and were more striking in all cases compared with hard copy images.
STATISTICAL ANALYSIS
Proportions were compared by Fisher's exact test, and diVerences between means were analysed by two sided unpaired t test. A confidence limit of p <0.05 was considered to be statistically significant. Table 1 summarises the clinical characteristics of patients included in the study. All patients were admitted to the hospital for systemic corticosteroid therapy. Thirteen of 14 patients in the acute phase examined by lumbar puncture had more than 10 white blood cells ×10 6 /l of CSF, predominantly lymphocytes in all cases. Of 15 patients tested, 12 (80%) were positive for HLA-DR4, 12 (80%) for DR53, and 10 (67%) for DQ4. For comparison, the frequencies for these HLA haplotypes in the general Japanese population are roughly 42% for DR4, 69% for DR53, and 31% for DQ4. 15 Overall mean follow up was 26 months, and all patients developed some degree of retinal atrophy or frank sunset glow fundus by the time of the last examination. Five of the 18 patients developed atrophic spots in the peripheral retina. All patients recovered good VA with the exception of patient 3 who had a history of amblyopia in the left eye. Table 2 summarises the results of SLO videofunduscopy and videoangiography for all patients. SLO examination was performed in both acute and convalescent phases in 15 of the 18 patients, and in only the convalescent phase in the remaining three patients (nos 3, 9, and 11). SLO videofunduscopy revealed that, of the 15 patients examined in the acute phase, retinal folds radiating from the central macula (Fig 1A and 1B) were well visualised in 13 patients (87%). In addition, granular exudates at the level of the choroid (Fig 1C) were observed in six patients (40%). In contrast, of the 18 patients examined by SLO videofunduscopy in the convalescent phase, only two patients (11%) showed evidence of residual retinal folds, and these were much less prominent than before. However, 15 patients (83%) revealed either granular, plaque-like, or other subtle abnormalities at the level of the RPE and/or choroid (Fig 1D and 1E) , many of which were either not visible or much less prominent by clinical examination.
Results
The most frequent finding on ICG videoangiography for patients in the acute phase was widespread irregular hypofluorescence of the macula (Fig 2A, large arrow) seen in early images in 12 of 15 patients (80%). Other related findings included slow or patchy ICG filling in the first minute after ICG injection seen in 67% of patients, and indistinct or fewer choroidal vessels seen in 73% of patients. At least one of these three findings was present in all cases examined during the acute phase of VKH. Filling defects were seen in 73% of patients during the acute phase of disease (Fig 2A, small arrows) and these did not correspond with any fundus lesions by clinical examination. They were observed from the earliest ICG videoangiographic images and remained unchanged in size into the late images, although they became gradually more diYcult to distinguish against the fading background fluorescence. Furthermore, the filling defects were particularly prominent about the optic discs (Fig 2B) , were better visualised where there was no overlying serous retinal detachment, and were approximately 1/5 disc diameter in size. In some cases, similar filling defects were also present transiently, albeit only faintly seen, during choroidal flush images on fluorescein videoangiography. However, the filling defects always appeared smaller on fluorescein videoangiography when compared with ICG videoangiography, and usually disappeared within the first 1-2 minutes. Focal ICG leakage (Fig 3A, arrows) that increased in size in late images was observed in five of the 15 patients (33%). In each case,
Figure 2 (A) ICG videoangiography performed on patient 6 at presentation revealed irregular hypofluorescence of the central macula (large arrow), corresponding to areas of chorioretinal thickening observed clinically. Numerous filling defects approximately 1/5 disc diameter in size (small arrows) were also present. (B) The filling defects were most prominent surrounding the optic disc. (C) After 6 months of treatment, ICG videoangiography showed marked improvement of the hypofluorescence of the macula but persistence of some filling defects (arrows).
Figure 3 (A) ICG videoangiography of patient 2 in the acute phase showed focal hyperfluorescent areas (arrows). (B) Fluorescein videoangiography taken at the same time showed only faint RPE staining in one area (arrow).
there was no corresponding leakage seen on fluorescein videoangiography in the same location although RPE staining was occasionally observed (Fig 3B) .
The frequency of all ICG videoangiography findings decreased into the convalescent phase, with the most persistent findings being slow or patchy ICG filling, and filling defects (Fig 2C, arrows) . However, 15 of the 18 patients (83%) examined in convalescence had the presence of at least one of the ICG videoangiographic abnormalities listed in Table 2 . It should be noted that, at this time, there was no clinical evidence of posterior inflammation in any of these patients, and most eyes had developed bilateral sunset glow fundi.
Fluorescein videoangiography in the 15 patients examined in the acute phase revealed punctate staining as the most common finding (73%), followed by disc hyperfluorescence in late angiographic images (67%) and macular oedema (60%). Other less common findings included subretinal pooling (40%), focal leakage (27%), and pigment epithelial detachment (13%). All findings improved with systemic corticosteroid treatment, although nine patients (50%) still showed at least one abnormality by fluorescein videoangiography in the convalescent phase.
Proportions of SLO findings in the acute versus convalescent phases were compared by Fisher's exact test (Table 2) . Although the abnormalities of irregular hypofluorescence and indistinct or fewer choroidal vessels by ICG videoangiography were significantly decreased in the convalescent phase compared with the acute phase, the remaining three ICG abnormalities as well as the proportion of patients with any ICG abnormality were not significantly diVerent. In contrast, four of six fluorescein abnormalities were significantly decreased in the convalescent phase compared with the acute phase, as was the proportion of patients that exhibited any fluorescein abnormality. Table 3 shows the mean number of abnormalities by ICG versus fluorescein videoangiography in the acute and convalescent phases, respectively. Although ICG and fluorescein videoangiographies examine diVerent layers of the fundus and therefore are not equivalent methods, this analysis shows that ICG videoangiography showed a greater mean number of abnormalities in both acute and convalescent phases of disease when compared with fluorescein videoangiography. Finally, Table 4 shows an analysis of ICG and fluorescein abnormalities in two arbitrarily set groups of VA at the time of videoangiographic examination in the acute phase of disease. Compared with eyes with a VA of better than 20/40, eyes with a VA of 20/40 or less had a significantly increased rate of irregular hypofluorescence and filing defects by ICG videoangiography, and subretinal pooling by fluorescein videoangiography.
Discussion
Japanese case reports of ICG angiographic findings in VKH syndrome have shown decreased number of large choroidal vessels, patchy areas of hypofluorescence, delayed filling and large plaques of subretinal staining in patients with acute inflammation. [16] [17] [18] [19] A case report from Italy has also shown large hyperfluorescent plaques in the macula. 20 However, these studies did not have the advantage of increased visualisation using the SLO. Furthermore, they were limited by examination of too few patients, lack of repeat angiography in the convalescent phase, and/or lack of systematic comparison with findings by fluorescein angiography. One recent study which did utilise the SLO on some but not all patients described macular hypofluorescence in the acute phase by ICG angiography, and suggested that a temporary choroidal circulatory disturbance was occurring with inflammation. 21 The first goal of the present study was to use the clarity of the SLO to evaluate videofunduscopic images of the macula in a large number of patients with VKH syndrome in acute and convalescent phases. This revealed numerous abnormalities at the level of the RPE and choroid that were either not observed or much less prominent by clinical examination. Despite the lack of any evidence of active inflammation, these abnormalities increased in frequency in convalescence. They may represent either frank fibrosis (as in the case of plaques) or more subtle changes in tissue morphology (as in the case of target lesions). The second goal of this study was to evaluate the usefulness of SLO based ICG videoangiography in VKH syndrome, in comparison with fluorescein videoangiography performed in the same manner. Among findings by ICG videoangiography, eyes in the acute phase showed irregular widespread hypofluorescence, slow or patchy choroidal filling, and indistinct or fewer choroidal vessels similar to previous findings. These were totally undetected by fluorescein videoangiography, and most likely represent diVerent manifestations of the same phenomenon of choroidal oedema and thickening, presumably due to the acute infiltration of inflammatory cells into the choroid known to occur in VKH syndrome. 1 22 23 ICG videoangiography in the acute phase of VKH also revealed small filling defects that did not correlate with any clinical fundus lesions. Smaller and less prominent filling defects were also visible transiently in a few VKH eyes by fluorescein videoangiography during the initial choroidal flush and thus these appear to be at the level of the choroid or more specifically the choriocapillaris. Although filling defects can also be observed on ICG videoangiography performed in some healthy individuals, they invariably disappear within the first minute. The filling defects detected by ICG videoangiography in VKH patients persisted unchanged in many cases into the convalescent phase in the absence of active disease, in contrast with a previous report. 21 We speculate that the choroidal inflammation associated with VKH syndrome may be causing reversible and/or irreversible occlusion of single lobules within the choriocapillaris, each supplied by its own end arteriole. 24 Since lobules within the human choriocapillaris have been estimated to be approximately 1/4 disc diameter or less in size (by fluorescein angiography criteria), 25 lobular occlusion would theoretically fit with the observation of filling defects seen in this study. A similar hypothesis has been proposed to explain some ICG angiographic findings seen in patients with acute posterior multifocal placoid pigment epitheliopathy. 26 Five patients in the acute phase of VKH were also observed to have focal areas of ICG dye leakage that were not seen by fluorescein videoangiography, and thus presumed to be intrachoroidal in location. These lesions resolved in four of the five patients in the convalescent phase, and may represent pools of exudation within intrachoroidal areas of inflammatory cell infiltration. Normally, the large size of serum protein bound ICG molecules would prevent marked leakage from large choroidal vessels, although some leakage through fenestrations in the choriocapillaris might occur. 5 Frankly visible intrachoroidal leakage on ICG angiography would have to arise from breakdown of vascular integrity of larger choroidal vessels secondary to acute inflammation, and would disappear in many instances with the resolution of inflammation.
Findings by fluorescein videoangiography that were observable in this study were typical for VKH syndrome, and are described in detail elsewhere. 1 2 Overall, ICG videoangiographic abnormalities were more numerous and persisted far longer into the convalescent phase in comparison with those seen by fluorescein videoangiography. Furthermore, although poorer VA in the acute phase was associated with the findings of irregular hypofluorescence and filling defects by ICG videoangiography and subretinal pooling by fluorescein videoangiography, all patients recovered good VA in the convalescent phase despite the persistence of videofunduscopic and videoangiographic abnormalities. These results suggest that VA may not be a good overall indicator of structural and functional integrity of the fundus. Indeed, although not quantified, many of our VKH patients in the convalescent phase complained of non-specific disturbances in their vision, despite good VA and the absence of active inflammation. Subtle visual disturbances may relate to changes at the level of the RPE and choroid, layers of the fundus often aVected in uveitic diseases such as VKH syndrome that may be observed using SLO based videoimaging.
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